STIMATES of heritability, the advance expected by selection and the interrelationships among such traits as seed yield, plant height, lodging, maturity, protein percent, and oil percent are useful in designing an effective breeding program. Such estimates are of most value when based upon material grown under different environments as to years and locations. The objectives of the present investigation were to estimate for 2 soybean, Glyc'me max (L.) Merr., crosses: (1) heritability, (2) progress to be expected from selection, (3) variance due to genotype, genotype-environment interactions and error, and (4) interrelationships among 9 traits.
Johnson and Bernard (4) summarized the literature on heritability, expected genetic advance, and interrelationships for traits in soybeans. They emphasized that a meaningful comparison of the data required a careful study of the materials and methods employed since the estimates were made from data on various generations of segregating populations and under varying environmental conditions. Estimates obtained only from material grown under different environments will be discussed in this paper.
Reported estimates of heritability are lower and more variable than those of most other characters in soybeans (1, 2, 3, 5) . Estimates of heritability for plant height, maturity, and flowering are in general higher than those for fruiting period, seed weight, and lodging (1, 2, 3, 5). For both protein percent and ail percent heritbility estimates are in general high (3, 5).
Johnson et al. (6) reported that high seed yield was associated with long fruiting period, lateness, heavy seed, and resistance to lodging; and low protein was associated with high oil content. Anand and Torrie (1) found high seed yield associated with susceptibility to lodging, tallness, and lateness of maturity.
MATERIALS AND METHODS
Two soybean crosses, 'Norchief X 'Harosoy' and Norchief X 'Clark', were studied in the F 3 generation in 1959 at Madison and in the Ej and F 6 generations in I960 and 1961, respectively, at both Madison and Arlington, Wisconsin. For each cross 64 lines were grown, each line tracing to a randomly chosen F» plant.
Plots were single rows which, after removal of headlands adjacent to alleys, were 8 feet in length. Rows were 3 feet apart. Approximately 75 seeds were sown per plot. Two replicates of a simple 8X8 lattice design, in which both parents were included as extra entries in each incomplete block, were planted each year for each cross.
Climatic conditions were favorable for good soybean growth and yield during the 3 test periods. The 1959 growing season temperature averaged above normal and rainfall close to normal except during August when precipitation was 2.79 inches above average. The I960 growing season was characterized by below normal temperature and above average rainfall at both locations. In 1961, temperature averaged above normal during May and June and slightly below normal during the remainder of the season, while precipitation was approximately 4 inches below average at both locations.
Data for all traits were obtained on each plot as follows: seed yield, recorded in grams per plot and ccnverted to pounds per acre; seed weight, grams per 100 seed; plant height, distance from the ground to the tip of the stem in inches at or near maturity; lodging score, based on a scale of 1 (erect) to 5 (prostrate) taken at or near maturity; time of flowering, number of days from emergence to-the date when approximately 50% of the plants had flowered; maturity, number of days :
: rom emergence to the date when approximately 95% of the pods were ripe and most of the leaves had dropped; fruiting period, number of days from flowering to maturity; and percent of both oil and protein, expressed on a moisture free basis. The latter 2 traits were studied only for the cross Norchief X Harosoy.
For each cross, the combined data of the F 4 and F 5 generations grown at both locations were analyzed for each trait by the analysis of variance. From these analyses were computed *g'*gy *gl'*gyl and *l which are, respectively, estimates of the genotypic variance among lines, the interactions of lines with years, locations, and locations X years, and the environmental variance. The data were analyzed as randomized complete blocks since the precision of the lattice designs were all less than 110% when compared with the randomized complete block design. Heritability estimates were computed from variance components on a line mean basis of 2 reps/2 environments by the procedure suggested by Hansen" were H = a|./a2 and £2 = <?2 + 52/2+52/4. 
